Vasodilation after coronary artery bypass surgery is a common complication. Inflammatory mediators influence the expression of alpha1-adrenergic receptors. Do patients requiring high doses of postoperative inotropic support have down-regulated alpha-adrenergic receptors? Is there a characteristic pattern of preoperative inflammatory mediator expression that could predict a complicated course after the operation?
response and vasodilation of varying severity 1,2 . This cytokines. Administration of supra-physiological doses of vasopressors (mainly noradrenaline) is frequently needed to maintain the patient's blood pressure in the perioperative period. The exact aetiology of vasodilation and insensitivity to vasopressors is not clear. Nitric oxide stimulation via inducible nitric-oxide-synthase has been assumed to contribute to this phenomenon, as well expression. Noradrenaline causes vasoconstriction acting via alpha1 A -adrenergic receptors. These receptors can be subdivided into alpha1 A , alpha1 B and alpha1 D subtypes 3, 4 . Previous studies have shown that certain cytokines (Interleukin-1ß) may alter the expression of alpha1-adrenergic receptors 5, 6 .
Reduced expression of these receptors could result in impaired vasoconstriction, and therefore could be responsible for the hypo-reactivity of the cardiovascular system to noradrenaline commonly observed after cardiac surgery. The exact timecourse of changes in expression of adrenoreceptors is not entirely clear, but probably occurs over four to 12 hours. perioperative changes in gene expression of receptors in leucocytes of patients undergoing CPB surgery, using real-time reverse transcriptase polymerase chain reaction (RT-PCR). We have used this technique in the past to investigate patients and in orthopaedic elective patients 7, 8 . In hypertensive patients, alpha1-adrenergic receptor expression in leucocytes via the RT-PCR has been shown to be a suitable method to investigate, the adrenergic receptor system and correlate them to the expression in the smooth muscles 9, 10 . We hypothesised that patients who needed high doses of noradrenaline after CPB surgery may have had down-regulated alpha1-adrenergic receptors.
A second aim of this study was to determine whether a characteristic perioperative pattern of CPB surgery patients, which may be associated with a complicated clinical course after the operation.
MATERIAL AND METHODS

Patient population
After regional ethics committee approval and patients' written informed consent, 118 patients undergoing elective open-heart surgery with extracorporeal circulation were enrolled in this study. The patients underwent either coronary artery bypass graft surgery (CPB), valve surgery or combined procedures between August 2003 and December 2003. The patients were enrolled in consecutive order. We excluded patients with the following criteria: re-operation, patients on preoperative inotropic support, patients operated without cardiopulmonary bypass (off-pump) and emergency operations.
The induction of anaesthesia was performed with either etomidate or propofol and continued as opioid, and heparin (350 U/kg) administered pre-cardiac bypass. The patients where cooled to 32°C and cardioplegia solution (Baxter Cardioplegia) was given. After rewarming to 36°C, protamine (10 mg/1000U heparin) was given. The patients where sedated with propofol and transferred to the intensive care unit for postoperative management.
After all the clinical and blood sample data had into three groups according to their postoperative requirements: No-noradrenaline (No-NA) group: no postoperative noradrenaline requirements (n=54), Low-noradrenaline (Low-NA) group: <7 μg/min mean noradrenaline requirements (n=53), High-noradrenaline (High-NA) group: >7 μg/min mean noradrenaline requirements (n=11).
The boundary of 7 μg/min between the Low-NA group and the High-NA group was chosen arbitrarily (a priori) based on clinical experience, to obtain a group of intermediate severity in cardiovascular support requirements and a group of extreme severity. The aim was to sample patients who exhibited a wide spread of severity in the postexpression from 44 patients. Therefore all 11 patients requiring high doses of noradrenaline (3) were studied and subsets of patients chosen at random (using the traditional blind selection from a hat technique) from the No-NA patients (1) (n=22) and the Low-NA patient group (2) (n=11), for comparison. Demographic and clinical data were recorded (Table 1 ).
Blood samples
Five blood samples (24 hours preoperative, two hours, 12 hours, 36 hours and 72 hours postoperative) were taken from the arterial catheter.
The blood samples for plasma levels of noradrenaline and adrenaline were taken into a cooled EDTA tube, immediately spun down and frozen at -80°C and sent to the cardioendocrine research laboratory in Christchurch. For assay, the plasma was extracted on alumina and catecholamines were eluted with acetic acid. The extracted catecholamines were separated and measured by reverse-phase high-performance liquid chromatogrpahy with electro-chemical detection. The reference range based on 45 healthy subjects selected at random from the Christchurch electoral roll is noradrenaline 470 to 3800 pmol/l, adrenaline <570 pmol/l. Additionally, 1 ml of blood was taken and stored 1.
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guanidium thiocyanate to prevent in vitro mRNA degradation. The protocol used for the RT-PCR can be found in our previous paper 7 . Oligonucleotide primer design strategy was to situate the primers within the coding regions of the genes, spanning two exons wherever possible. The PCRs were performed using Sybr green-1 in an ABI 7900HT sequence detection system (Applied Biosystem, USA). The reactions were set up in 96-well plates. The thermal 10 minutes to activate the Taq polymerase and then 40 cycles of 20 seconds at 95°C, 55°C for 20 seconds, 68°C for 30 seconds with data acquisition at 80°C for 15 seconds at the end of analysis was performed for each run to substantiate this purpose the temperature of the block was increased from 60 to 95°C at a rate of 1°C per minute in all cases one single peak at the melting temperature. To calculate the relative expression of the genes, the threshold cycle value of the target gene and the threshold cycle of the housekeeping gene (B 2 the PCR (calculated using LnReg software).
We measured the mRNA expression of alpha1 A -, alpha1 B -and alpha1 D ). These genes where chosen after a literature search and from experience from our phase response markers and are important in the in the interaction between the different markers. These substances are typically pluripotent, but a brief summary of the main actions is given below.
to activation of a variety of intracellular responses, as is TNF. IL-8 is an important chemokine and neutrophil attractant. C5-aR modulates complement activation. FAS is a marker for apoptosis and Highmarker. TLR-4 is the main pattern recognition receptor for Gram-negative sepsis, but it is also being recognised that it is activated by heparans that is expressed on neurtophils and monocytes and is production of IL-8 and TNF). MPO is the main oxidative enzyme used by neutrophils to destroy bacteria. MTF is released in response to a variety of endothelial-leucocyte interactions. MMP9 acts to break down intercellular matrix leading to oedema. INOS is an important mediator of sepsis-induced vasodilation.
Statistical analysis
Numerical analysis was performed using the Matlab computer program (Matlab 6.1, Mathworks, MA, USA). Statistical analysis was performed using NCSS (NCSS 6.0.21, NCSS, Kaysville, Utah, USA). The expression of each gene was calculated using the formula:
where E goi is the expression of the gene-of-interest, Eff goi slope of the regression applied to the PCR data and CT goi is the CT value of the gene-of-interest 11 . 
Results with Eff goi values greater than two were set to two, because it is physically impossible for more than two copies to be made at each PCR cycle. These values were only very slightly greater than two and assumed to be caused by statistical variation in the gradient, as determined by the least-squares linear goi <1.5, it was assumed that the PCR process was not eliminated from further analysis (6.1% of total sample). The expression of the gene-of-interest was determined relative to the expression of the housekeeping gene (ß2 microglobulin) which is not 12, 13 . The data were then transformed by taking the natural logarithm of this ratio. This has the elegant mathematical property of making subsequent statistical manipulations comparisons-of-sums of ratios (rather than products), and hence -by the central limit theorem -makes the distributions Gaussian. Between-group differences and withinpatient changes with time, were compared using multivariate analysis of variance. Linear correlations comparisons we used univariate t-tests with the Bonferroni correction for multiple comparisons. We employed multivariate techniques (stepwise linear discriminant functions) to discern combinations of interactions. However, with our relatively small data set, the results of the multivariate techniques must be considered provisional.
RESULTS
As shown in Table 1 , the High-NA group tended to have a worse ejection fraction and a lower incidence of preoperative infarction; but because of the small numbers, these values did not reach
Preoperative alpha-1 receptor expression in leucocytes
As shown in Figure 1 , preoperative expression of the alpha1 A -receptor -expressed as a ratio compared greater in the groups who subsequently required postoperative noradrenaline infusions (High-NA 4.9-fold (P=0.01) and Low-NA 18.7-fold vs. No-NA (P=0.002). No differences were detected between alpha1 B -and alpha1 D -receptor expression amongst the three groups. If the patients were grouped according to their left-ventricular ejection fraction, there was no difference in the alpha1 A -receptor correlations between preoperative alpha1 Areceptor expression and either clinical factors (EF, medications or age) or cytokine expression.
Postoperative changes in alpha1 A -receptor expression
The patterns of alpha1 A -receptor expression differed in both absolute and relative degree between the three noradrenaline groups. Using multivariate analysis of variance, applied to the whole data set of alpha1 A -receptor expression, time (Wilks's Lambda P=0.0001) and group (Wilks's Lambda P averaged over all the patients, alpha1 A -receptor levels (Figure 1, 0.19-fold, P=001) . However, the decrease in expression relative to the preoperative expression in the noradrenaline-requiring groups was more pronounced and persistent (see Figure 2 for changes relative to preoperative levels).
After the operation there was no statistically
A -receptor expression in the No-NA group at any time (i=0.06 at 12 hours). In contrast, the expression Low-NA group alpha1 Areceptor expression decreased 0.11-fold (P=0.01) at 12 hours and 0.008-fold at 72 hours (P <0.001). Relative decrease in receptor expression in the High-NA group was to 0.08-fold at two hours (P=0.05), 0.02-fold at 36 hours (P=0.001) and 0.09-fold at 72 hours (P=0.01). By 72 hours after the operation the absolute expression in all three groups was similar to the preoperative expression found in the No-NA patients but the relative expression in the Low-NA and High-NA groups was still low. For all patients, at 12 hours postoperative the levels of expression of TNF (r=0.33) correlated with the expression levels of the alpha1 A -receptor. The correlation of change in TNF expression vs. alpha1 Areceptor expression was much stronger in High-NA patients (r=0.74).
Plasma noradrenaline concentrations
In the preoperative samples, the noradrenaline patients who subsequently required High-NA support after the operation (P=0.005, t-test). As would be expected, the noradrenaline levels in Low-NA and High-NA groups increased to a maximum at about 12 hours, when the noradrenaline infusions were maximal (Figure 3) .
Overall, there was no correlation of cytokine expression with noradrenaline or adrenaline levels. However, when subgroups of patients For example, in High-NA there were strong inverse correlations between IL-1ß expression and concentration of adrenaline (r=-0.86) and noradrenaline (r=-0.48).
Preoperative expression of inflammatory mediators in leucocytes
Because most of the patients' leucocytes did not express MTF or INOS (CT values of 40), we did analysis. There was no difference in the mean between the patients in the No-NA group and those patients in the Low-NA and High-NA groups. We compared expression (Il-1ß, Il-8, C5-ar, TLR-4, TREM, MPO, MMP9) with previous data obtained from healthy controls and patients having joint replacement surgery 7 . There was no difference in the mean expression between our preoperative samples and preoperative joint replacement patient samples and healthy controls in the previous study.
Changes in inflammatory mediator expression 12 hours postoperative
For all the patient groups combined, there were mean increases in levels of C5-aR (10.7-fold, P=0.007), FAS (3.1-fold, P=0.03), TLR-4 (8.4fold, P=0.0002), TREM (4.8-fold, P=0.009), MPO (8.2-fold, P=0.01), MMP9 (26-fold, P <0.001) and TNF (29.7-fold, P <0.001) expression were seen compared with preoperative cytokine expression.
mediator expression was most marked in the No-NA patients (all P values <0.05). There was much less widespread increase in expression in the High-NA patient group (no P values <0.05). This may indicate that, in these patients, the normal the circulating leucocytes is suppressed, possibly as a noradrenaline. 
DISCUSSION
In this study we have gathered a plethora of data from a relatively small number of patients. However, amongst the results are a number of consistent conclusions. The 'good' response to required no noradrenaline support postoperatively -may be characterised as:
Having lower alpha1 A -adrenoreceptor expression and lower plasma levels of noradrenaline preoperatively, A slight and transient decrease in alpha 1 Aadrenoreceptor expression, which normalises to preoperative levels by 36 hours, A four to 50-fold increase in leucocyte expression of IL-1ß FAS, TLR-4, TREM, MPO, MMP9 and TNF genes, consistent with an inflammatory response to surgical procedures. Conversely, the dysfunctional response to cardiac surgery (resulting in appreciable postoperative noradrenaline requirement) is characterised by:
Having high (five-to 20-fold) alpha 1 Aadrenoreceptor expression and noradrenaline plasma levels preoperatively, A prolonged decrease in expression of alpha1 Aadrenoreceptors after the operation, that eventually approaches the same levels of expression as found in the 'normal' (No-NA) group by 72 hours, Suppression of the usual perioperative increase in the inflammatory mediator expression in leucocytes. There are a number of counter-intuitive results in First, the High-NA patient group did not have an in circulating leucocytes, as was clearly seen in the 1.
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No-NA patients. This is apparently at variance with previous studies which show that vasomotor dysfunction after CPB is mediated through mediators 14 . However it is crucial to note that we were measuring leucocyte expression of levels of polypeptide. Our data would suggest that circulating leucocytes is suppressed in the High-NA group; either by the elevated plasma levels of noradrenaline, or by a homeostatic, negative feedback from the high levels of circulating cytokines. Interestingly, Roentgen found that noradrenaline itself is able to inhibit the expression properties 15 . Our data would add to increasing evidence for strong compartmentalisation of the circulating leucocytes is inhibited 16 . The end result is that the circulating leucocytes in the High-NA patients may be in a hypo-responsive state. Conceivably this observation may have implications for predisposition to infection in such patients. These data also suggest that suppression of perioperative steroids) may well be counter-productive, since such treatments may further depress the already low in circulating leucocytes. A possible confounding effect is the use of etomidate for induction of anaesthesia in some patients. This drug is known to suppress the adrenal cortical function for up to 24 hours postoperatively -and hence cortisolenhancement of vasomotor tone. Since we did not measure serum cortisol levels or the pituitaryadrenal axis function, we are unable to determine adrenoreceptor expression.
Second, the relationship between the alpha receptor expression and the plasma noradrenaline unequivocally. We found that the increased postoperative noradrenaline requirement was, at least partly, related to a relative postoperative decrease in receptor expression from high preoperative levels. Presumably the cardiovascular control systems of the body have homeostatically adapted to high levels of receptor expression. When the receptor expression rapidly decreases in the postoperative period, the body requires some exogenous vasoconstrictor support to maintain Heijnen and co-workers stating that the patients requiring high doses of inotropes might lack an adequate TNF stimulus to maintain their adequate alpha-receptor homeostasis 6 . The ratio of adrenergic receptor expression to noradrenaline concentration could be considered to be a measure of the responsiveness of adrenergic vasoconstrictive systems. For example, if the patient has poor adrenergic receptor expression in the face of high concentrations of circulating catecholamines, it is reduced. If this is correct, the standard treatment of using alpha adrenergic agonists may need to be rethought 14 . It makes more pathophysiological of vasodilation. An example would be the use of INOS/guanylate cyclase inhibitors such as methylene blue, as Leyh suggested 17 , or vasopressin 18 . It is unclear why the Low-NA group had higher preoperative levels of receptor expression than the High-NA group. We suspect that different pathophysiological processes are present in the Low-NA patients. This group did show a high incidence of preoperative myocardial infarction and we would speculate that the high adrenergic receptor expression might be in response to that event. This question would need to be properly investigated with larger numbers of patients.
Limitations of the study
Although other investigators have found that leucocyte receptor expression can be used to quantify adrenergic receptors 9,10 , it is clear that there are many other post-transcriptional and with which adrenergic receptors cause end-organ vascular smooth muscle vasoconstriction. To requiring biopsy and analysis of mRNA and protein expression in blood vessels as well as complete vessel tone (such as endothelins, angiotensin and vasopressin). Nevertheless the measurement of alpha-adrenergic receptor subtypes via PCR is a well-established method to investigate the adrenergic receptor system in hypertensive patients.
CONCLUSION
The group of patients who require noradrenaline for postoperative cardiovascular support have higher preoperative expression and relatively more prolonged and reduced postoperative expression of alpha1 A -adrenoreceptors, associated with minimal their circulating leucocytes.
